A fatal toxicity index (deaths per million National Health Service prescriptions) was calculated for antidepressant drugs on sale during the years 1975-84 in England, Wales, and Scotland. The tricyclic drugs introduced before 1970 had a higher index than the mean for all the drugs studied (p<0-001). In this group the toxicity of amitriptyline, dibenzepin, desipramine, and dothiepin was significantly higher, while that ofclomipramine, imipramine, iprindole, protriptyline, and trimipramine was lower. The monoamine oxidase inhibitors had intermediate toxicity, and the antidepressants introduced since 1973, considered as a group, had significantly lower toxicity than the mean (p<0-001). Ofthese newer drugs, maprotiline had a fatal toxicity index similar to that of the older tricyclic antidepressants, while the other newly introduced drugs had lower toxicity indices, with those for mianserin, nomifensine, trazodone, and viloxazine reaching significance. Provided that these drugs are equally effective clinically, serious consideration should be given to prescribing antidepressants with a lower fatal toxicity.
Introduction
The frequency with which a drug causes fatal poisoning depends on its intrinsic toxicity and its availability.
I I It is impossible to estimate the numbers of people treated with each drug, but Britain is one of the few countries where availability may be estimated from records, collated by the National Health Service, of the number of prescriptions issued. Several authors have calculated a fatal toxicity index, expressed as the number of deaths per million prescriptions, to compare the relative dangers ofdifferent drugs.3-6 Differences in the indices, particularly among the members of a single class of drug, may indicate the presence or absence offeatures that predispose to a fatal outcome when a drug is taken in overdose. The index may therefore be used to identify drugs that may be particularly dangerous in overdose, thus meriting investigation of their toxic properties and closer consideration of the circumstances in which they are prescribed. Recommendations may thus be made that might reduce the number of fatalities.
We used national mortality statistics and prescription data to compile fatal toxicity indices for the currently available antidepressant drugs to assess the comparative safety of the different antidepressant drugs from an epidemiological standpoint. Owing to the nature of the disease these drugs are particularly likely to be taken in overdose and often cause death.
Sources of information and methods
The statistical sources used list drugs under their generic and proprietary names. The antidepressants available during'the 10 years 1975-84, and all the proprietary names under which they were sold, were identified from the British National Formulary, the Association of the British Pharmaceutical Industry's Data Sheet Compendium, and the Department of Health and Social Security's prescription analysis drug master index.78 These included the following drugs, which were introduced after 1975: mianserin (1976 The number of deaths expected for each drug if it had the overall toxicity rate of 34.9/106 prescriptions was calculated, and this was compared with the observed number using a x2 test for differences. Differences between the six new antidepressants (see table II) were also tested using a x2 test.
Results Table I shows the mortality figures, prescription data, and fatal toxicity indices for each of the three groups. We have also included the numbers of units and the gross quantity of drug prescribed, but as there was little difference between the relative rankings of the different drugs we have not shown confidence limits or statistical values and have confined further discussion to the index of deaths per million prescriptions. The early tricyclic antidepressants as a group had a significantly higher ratio of deaths per million prescriptions than the mean for all antidepressants, while the monoamine oxidase inhibitorswhen groupedwerenot significantlydifferentt. The drugs introduced after 1973 had a significantly lower ratio of deaths per million prescriptions than the overall mean. Table II lists the drugs in each group with their fatal toxicity indices and shows that while three of the early tricyclic agents (desipramine, dothiepin, and amitriptyline) had a higher index than the mean, five (clomipramine, imipramine, iprindole, protriptyline, and trimipramine) had a significantly lower index than the mean for all of the antidepressants. This suggests that these drugs may be safer. No deaths were recorded for iproniazid or lofepramine. Nomifensine, although withdrawn from use in 1986, was retained in the list for reference. Zimeldine, introduced in 1982 and withdrawn in 1983, was not included as it was on sale for too short a time for accurate figures to be calculated.
Discussion
The antidepressant drugs are among those most frequently implicated in deliberate, fatal self poisoning, and members of the tricyclic group of drugs are widely believed to be among the most toxic. Most workers limit themselves to broad generalizations; Blackwell, for example, divided the antidepressant drugs into three groups: the monoamine oxidase inhibitors, the early tricyclic antidepressants, and the second generation antidepressants, which is the broad classification that we used." He considered the second generation drugs to be safer than the two other groups. It is clearly not easy to establish a reliable indicator of the relative toxicities of the various antidepressants, although some form of comparison is necessary. The "natural experiment" of cases of self poisoning has to be taken as the starting point as the results of experiments in animals cannot reliably be extrapolated to man and the induction of even mild toxicity in man, besides being unethical, may in any case not correspond to the drug's lethal toxicity.
We believe that the fatal toxicity index is a useful means of estimating the relative danger or safety of antidepressants, in the absence of any more reliable indicator. The main criticism of the index is that it may be biased by systematic error in the mortality data or prescription data, or both. Certification of death due to poisoning is subject to inaccuracies,'2 and it is impossible to confirm the causes ofall such deaths by analytical techniques as some drugs, such as monoamine oxidase inhibitors, are not detectable by postmortem analysis and other antidepressants are not all detectable by a single screening method. The use of a fatal toxicity index also assumes that the number of prescriptions issued is a reliable indicator of the availability of the drug in the community. In fact, the prescription data are derived from National Health Service prescriptions issued by general practitioners, who may see a selected population of depressed patients and whose prescribing habits may differ from those of their colleagues in hospital. The choice of drug and the quantity prescribed to patients with suicidal tendencies may be made on the assumption that certain drugs are safer if taken in overdose. In addition, some antidepressants are often prescribed for conditions other than depression, such as nocturnal enuresis. No allowance has been made for such possible differences in prescribing habits. These results have provided lower fatal toxicity indices for several tricyclic antidepressants than those calculated by King and Moffat from data for 1976-8. 5 In their mortality figures, however, they included deaths due to more than one drug (as did Barraclough3 and Girdwood4). If the King and Moffat ratios are recalculated for a representative series of antidepressants and other drugs, including only deaths due to one drug alone, the difference diminishes for all drugs except nortriptyline and chlorpromazine (table III) .
Amitriptyline has been implicated in roughly half of all deaths attributed to tricyclic antidepressants in this study and in others both in the United Kingdom and in the United States.5 13 14 It has been suggested that amitriptyline and its congeners, principally nortriptyline and doxepin, may be more toxic in overdose than imipramine and its congeners (desipramine, clomipramine, trimipramine, dothiepin, and dibenzepin)." The reasons for the different toxicities of the drugs used to treat depression deserve consideration. It is now generally accepted that the fatal toxicity of the tricyclic antidepressants is principally due to their membrane stabilising activity.'6 It has been suggested that the toxicity of amitriptyline and imipramine is reduced by detoxification to the more water soluble (and therefore less lipid soluble) metabolites, nortriptyline and desipramine.5 1 ' In this study, however, the fatal toxicity indices for amitriptyline and nortriptyline were very similar to that for imipramine. Desipramine has also been shown to cause seizures in overdose more often than other tricyclic antidepressants."8 This may be analogous to the greater membrane stabilising potency of the metabolite norpropoxyphene compared with its parent drug, dextropropoxyphene.'920 Studies of erythrocytes in vitro have shown that desipramine is a more potent membrane stabilising agent than imipramine.2' The reason for the lower toxicity of clomipramine is less clear as it has been shown in similar studies to have greater membrane stabilising potency than either imipramine or desipramine. 22 Other factors, such as prescribing habits, may also play a part in the observed differences. The monoamine oxidase inhibitors have fairly high fatal toxicity indices, yet the mechanism by which they cause a fatal outcome in overdose is not well understood and does not seem to be due to membrane stabilising activity. The clinical pattern of toxicity, with gradually increasing muscle spasms leading to hyperthermia," may cause respiratory failure, rhabdomyolysis, and disseminated intravascular coagulation. Their rapid oral absorption and short elimination half life (tranylcypromine two hours, phenelzine one hour) suggest that the drug is largely eliminated from the body by the time the clinical features of toxicity have built up to a life threatening degree. Though most of those who take overdoses of tricyclic antidepressants die outside hospital, the gradually progressive nature of toxicity caused by monoamine oxidase inhibitors suggests that more people might seek medical help as symptoms develop. The toxicity of these drugs might, however, be underestimated as postmortem toxicology would not show the cause. It is thus difficult to develop the comparison between the lethal toxicity ofmonoamine oxidase inhibitors, and tricyclic antidepressants as the mechanisms and clinical patterns of toxicity are so different.
The group of newer antidepressants had a low mean fatal toxicity index, which suggests that progress has been made in producing less toxic drugs. The finding that maprotiline, a newer drug with a bridged tricyclic structure, has a fatal toxicity index similar to that of older antidepressants and greater than that of other new compounds is in accordance with the results ofother studies, which have shown it to be as toxic as or possibly more toxic than earlier tricyclic antidepressants, particularly with respect to its ability to induce seizures'5183 and cause death at similar plasma concentrations.'7 The other agents in this group have much lower toxicity indices, which are not statistically different from each other (x2= 7 -7, with 5 df). It remains to be seen whether any will emerge as more toxic. Mianserin is devoid of anticholinergic effects and produces few symptoms in overdose.24 Lofepramine has been described as having low toxicity"; it comes just short of significance in this study. Trazodone is a chemically and pharmacologically unique drug that has been reported to have little central nervous toxicity and no cardiac or anticholinergic activity in overdose" 18 23 25 26; it possesses lower membrane stabilising activity than amitriptyline or imipramine,27 which may explain its fairly low fatal toxicity index in this study.
When prescribing antidepressant drugs the doctor usually considers the toxic risks from self poisoning as well as from adverse effects. Regulatory authorities, however, tend to grant licences not on the toxicity ofdrugs in overdose but on their safety in therapeutic use. This is understandable as predicting acute toxicity in overdose is not feasible before a drug goes on sale. Once a drug has been on sale for some time data such as those presented here, viewed in the context of the overall morbidity and mortality related to the drug, could be considered by regulatory authorities when a drug comes up for renewal of licence.28
This study has shown that amitriptyline and several related tricyclic antidepressants have higher fatal toxicity indices than the monoamine oxidase inhibitors, which are in turn more toxic than several newer antidepressants. All of the drugs introduced since 1973 have a favourable toxicity profile except maprotiline. If the newer drugs have as good a record of clinical effectiveness, combined with their apparent lower potential to cause fatal poisoning when taken in overdose, serious consideration should be given to preferentially prescribing the newer drugs, especially to patients who are considered at particular risk ofsuicide by ingestion of an overdose of their medication.
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Secretor state of patients with insulin dependent or non-insulin-dependent diabetes mellitus
The inability to secrete the water soluble glycoprotein form of the ABO blood group antigens is associated with increased susceptibility to several infections, particularly among children in the vulnerable period between losing maternal antibodies and developing their own active immunity.' This is a characteristic that does not alter with age or environmental influences.
The secretor (Se) gene is located on chromosome 19; it is not linked to sex or to the histocompatibility locus antigen (HLA) markers. We have also found a considerable increase in the proportion of non-secretors (se) among patients who have ankylosing spondylitis, a rheumatic condition that has a close association (about 95% of cases) with the HLA B27 marker and for which an infectious aetiology has been postulated.2 As viral infections have been suggested to contribute to the development of type I diabetes,3 a recent editorial on the genetics of this disorder4 prompted us to compare the secretor state ofpatients who have type I disease with those who have type II disease. Ifthere were a parallel with ankylosing spondylitis we predicted that there would be a higher proportion of non-secretors among the patients who had type I diabetes. The patients were recruited from those attending routine clinics; the first five to 12 patients at each session were asked to participate. None of the patients was admitted to hospital. Patients who had type I disease were classified by insulin dependence, their clinical history, and family history of the disease. The patients who had type II disease were not dependent on insulin. The ABO and Lewis blood groups were determined by agglutination and the secretor state by the haemagglutination inhibition method5 from saliva. The Lewis group was used to confirm the results obtained from the saliva sample. The results were compared with those found for local blood donors by x2 test.
There was no significant difference in the distribution ofthe ABO blood groups between the insulin dependent and non-insulin-dependent diabetic patients (X2=0-5911, df=3, p>050), and the results were similar to those found for local blood donors (type I: x2=3-702, df=3, p>0 10; type II: X2=1266, df=3, p>0 50). Among the patients who had type II disease there was no significant difference in the proportion of non-secretors (25%) compared with the controls. Among the patients who had type I disease the proportion of non-secretors was significantly increased (40%) (X2=6-223, p<002) ( (27) Comment Among the patients studied there were probably clinical and genetic heterogeneities within the insulin dependent and non-insulin-dependent groups; secretor state, however, is an additional, easily determined genetic
